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Rosacea is a chronic in� ammatory condition 

that a� ects the centrofacial skin. The primary 
features of rosacea include persistent facial 
erythema (PFE), transient erythema or � ushing, 
papules and pustules, and telangiectasia.1–3

Secondary features including phymatous 
changes, erythematous plaques, feelings of 
burning or stinging, dryness and scaling, edema, 
peripheral location, and ocular symptoms, 
such as blepharitis or conjunctivitis, which 
may be present in addition to or instead of the 
primary rosacea manifestations.1–3 While the 
pathophysiology of rosacea is not completely 
understood, it is thought that neurovascular 
dysregulation and abnormalities in the adaptive 
and innate immune systems predispose 
individuals to developing rosacea, leading to 
abnormal, sustained vasodilation in the facial 
skin.4

Facial erythema is recognized as a frequent 
and consistent feature of rosacea and also the 
most di�  cult one to treat.5 Facial erythema is 
often symptomatic; most people experiencing 
erythema associated with rosacea are 
embarrassed by the condition and feel that they 
are judged unfairly in people’s � rst impressions.6,7

While the negative impact of skin diseases 

on quality of life is often underestimated by 
physicians,7 e� ective treatment of rosacea-
associated PFE is exceedingly important to 
patients with rosacea.

Topical alpha-adrenergic receptor 
(α-adrenoceptor) agonists target an 
underlying cause of di� use PFE and have 
been recommended by the American Acne 
and Rosacea Society for this indication.8

Oxymetazoline hydrochloride cream 1% 
(RHOFADE®; EPI Health, Charleston, South 
Carolina) is an α1A-adrenoceptor agonist 
approved by the United States Food and Drug 
Administration for the topical treatment of PFE 
associated with rosacea in adults.9 Here, we 
provide an overview of the pathophysiology 
of PFE associated with rosacea, review the 
development of oxymetazoline as a treatment 
for PFE, and summarize the current clinical data 
assessing the pharmacokinetics, e�  cacy, and 
safety of oxymetazoline in adult patients with 
PFE associated with rosacea.

ROLE OF ADRENOCEPTORS IN PFE 
AND THE ADRENOCEPTOR AGONIST 
MECHANISM OF ACTION

Several cutaneous vascular changes that occur 
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with rosacea are mediated by neurovascular 
dysregulation and abnormalities in the 
innate and adaptive immune systems.10–12

Toll-like receptor 2 is upregulated in rosacea, 
which can lead to increased levels of matrix 
metalloproteinases, kallikrein-5, and 
cathelicidins such as LL-37.10–14 Increased 
production of LL-37 can activate and augment 
pro-angiogenic and pro-in� ammatory signaling 
pathways, trigger mast-cell activation, and lead 
to macrophage and neutrophil chemotaxis. 
Chronic in� ammation can result in increased 
super� cial cutaneous vascularization and 
vasodilation, leading to edema and production of 
pro-in� ammatory cytokines. Additionally, trigger 
factors, such as stress, spices, and heat can lead 
to the activation of transient receptor potential 
(TRP) ion channels TRPV1/TRPA1, which amplify 
the already heightened in� ammatory response. 
This augmentation of pro-in� ammatory 
pathways is thought to ultimately contribute 
to the chronic vasodilation and dermal matrix 
degradation responsible for some of the visible 
manifestations of rosacea, including PFE.10,14

The sympathetic nervous system is the 
main regulator of the super� cial cutaneous 
vasculature and uses several adrenoceptors, 

which vary in their tissue distribution and 
function, to modulate cutaneous circulation.10

The super� cial cutaneous blood vessels that 
are in a sustained dilated state in rosacea 
contain a smooth muscle layer and remain 
responsive to adrenergic stimuli (Figure 1).15,16

Peripheral smooth muscle vasoconstriction 
is primarily mediated by α1-adrenoceptors 
and the subset of α2-adrenoceptors that are 
expressed postsynaptically on vascular smooth 
muscle cells.10,17,18 An additional subset of 
α2-adrenoceptors are expressed presynaptically 
on sympathetic nerve terminals and/or 
postsynaptically in the vascular endothelium, 
depending on blood vessel type; however, 
activation of these α2-adrenoceptors may 
promote vasodilation.17,18 Oxymetazoline 
is an α1A-adrenoceptor agonist that causes 
cutaneous vasoconstriction by postsynaptic 
activation of α1A adrenoceptors.9,18 Although 
α-adrenoceptor subtypes are targets for drug 
therapy of PFE in rosacea, the e� ects of selective 
receptor subtype stimulation or inhibition 
on clinically relevant di� erences between 
therapies remain theoretical. Preclinical models 
have demonstrated comparable reductions 
in erythema mediated via α1- and α2-

adrenoceptor agonists.18 Further research might 
elucidate the clinical implications of therapeutic 
activity according to di� erent α-adrenoceptor 
subtypes.

Evidence from preclinical models also 
suggests that α-adrenoceptor agonists might 
have e� ects other than vasoconstriction. Anti-
in� ammatory e� ects have been attributed to 
α-adrenoceptor agonist treatment, including 
a reduced production of pro-in� ammatory 
cytokines, modulation of arachidonic acid and 
arachidonic acid-derivative protein activity, 
reduction in the T-cell stimulatory capacity of 
dendritic cells, and inhibition of respiratory 
burst activity.5,19–21 α-adrenoceptor agonists 
also a� ect other aspects of immune function, 
including T-cell activation and proliferation, mast 
cell in� ltration, antibody responses, heat shock 
protein signaling, and mitogen-activated protein 
kinase pathway signaling.19,22–26 Studies have 
also linked α-adrenoceptor agonist exposure 
to the inhibition of neovascularization through 
reduced vascular endothelial growth factor 
expression.27,28 Further studies are needed to 
determine whether these functions mediate the 
PFE reduction associated with α-adrenoceptor 
agonist use.

TABLE 1. Published studies of patients with moderate to severe erythema associated with rosacea

STUDY STUDY DESIGN STUDY TREATMENT KEY EFFICACY OUTCOMES KEY SAFETY OUTCOMES

DuBois et al, 201832

(NCT01735201)

Phase II, dose-
ranging, multicenter, 
randomized, double-
blind, parallel-group, 
28-day study

Oxymetazoline cream 0.5%, 1.0%, or 
1.5% or vehicle once or twice daily for 
28 days

Signi� cantly greater proportions of patients who received 
oxymetazoline 1.5%, 1.0%, or 0.5% once daily or 
oxymetazoline 1.5% or 1.0% twice daily achieved at least a 
two-grade improvement from baseline in both the CEA and 
SSA at Day 28 (all p<0.05 vs. placebo)

Treatment-related TEAE incidence was low (9.8%; 
oxymetazoline, 11.2%; vehicle, 5.7%) and most TEAEs 
were mild or moderate in severity. Dermal tolerability 
ratings were similar between treatment groups 
throughout the study. 

Kircik et al, 201833

(NCT02131636; 
REVEAL 1 study)

Phase III, pivotal, 
multicenter, double-
blind, parallel-group, 
vehicle-controlled, 
57-day study

Oxymetazoline cream 1% or vehicle once 
daily for 29 days

Signi� cantly greater proportions of patients who received 
oxymetazoline vs. vehicle achieved at least a two-grade 
improvements from baseline on both the CEA and SSA at three, 
six, nine, and 12 hours posttreatment and overall on Day 29 
(all p<0.05)

Treatment-related TEAE incidence was low 
(oxymetazoline, 6.3%; vehicle, 0.5%). At least a one-
grade worsening from baseline in pruritus was reported 
by 23.4% of patients who received oxymetazoline and 
15.6% of patients who received vehicle; the incidence 
rates of all other dermal tolerability symptoms were 
comparable between treatment groups.

Baumann et al, 
201834

(NCT02132117; 
REVEAL 2 study)

Phase III, pivotal, 
multicenter, double-
blind, parallel-group, 
vehicle-controlled, 
57-day study

Oxymetazoline cream 1% or vehicle once 
daily for 29 days

Signi� cantly greater proportions of patients who received 
oxymetazoline vs. vehicle achieved at least a two-grade 
improvement from baseline in both the CEA and SSA at three, 
six, nine, and 12 hours posttreatment and overall on Day 29 
(all p<0.05)

Treatment-related TEAE incidence was low 
(oxymetazoline, 8.5%; vehicle, 5.0%). Incidence rates 
of dermal tolerability symptoms were comparable 
between treatment groups. 

Draelos et al, 201835

(NCT02095158; 
REVEAL long-term 
study)

Phase III, open-label, 
54-week study

Oxymetazoline cream 1% once daily for 
52 weeks

Increasing proportions of patients achieved at least a two-
grade improvement from baseline in both the CEA and SSA 
throughout the study

Treatment-related TEAEs were reported by 8.2% of 
patients overall; treatment-related TEAE incidence was 
highest during the � rst 90 days of treatment (5.9%) 
and progressively declined over the three subsequent 
90-day periods

Tanghetti et al, 
202036

(NCT03380390) 

Phase IV, open-label, 
56-day study

Energy-based therapy (potassium titanyl 
phosphate laser, intense pulsed-light 
therapy [PDL Vbeam Perfecta® or PDL 
Cynergy™]) on Day 1 and Day 29 and 
once-daily oxymetazoline on Days 3 
through 27 and Days 31 through 56

All patients demonstrated improvements from baseline in 
CEA during the study; 90.7 percent of patients demonstrated 
improvements from baseline in CEA at six hours posttreatment 
on Day 56

Treatment-related TEAEs were reported by 8.7% of 
patients; all were mild or moderate in severity. No 
patient experienced severe dryness, scaling, stinging/
burning, or pruritus at any time point throughout the 
study. 

CEA: Clinician Erythema Assessment; PDL: pulsed-dye laser; SSA: Subject Self-assessment for Rosacea Facial Redness; TEAE: treatment-emergent adverse event
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HISTORY OF THE DEVELOPMENT OF 
OXYMETAZOLINE
α-adrenoceptor agonists were traditionally 

used in over-the-counter therapies to treat 
congestion.29 Due to their vasoconstrictive 
and anti-in� ammatory properties, locally 
applied α1-adrenoceptor agonists e� ectively 
decrease mucous membrane erythema and 
edema.29 Oxymetazoline was � rst approved as 
a decongestant intranasal spray in 1964 and 
was made available as an over-the-counter 
medication in 1976.30

The � rst use of oxymetazoline as a topical 
treatment for PFE associated with rosacea 
was reported in 2007.29 Topical application of 
oxymetazoline hydrochloride 0.05% solution 
once daily greatly improved the PFE, stinging/
burning, and episodic � ushing experienced 
by two patients with treatment-resistant 
erythematotelangiectatic rosacea. The treatment 
e� ects were sustained through the last follow-up 
visits for each patient, which were eight and 17 
months after treatment initiation, respectively. 
Neither patient experienced adverse e� ects or 
a return of symptoms during that time. Based 
on these results, oxymetazoline use for the 
treatment of PFE associated with rosacea was 
investigated. 

Pharmacokinetic data. The 
pharmacokinetic pro� le of oxymetazoline 
was evaluated in a Phase II, dose-ranging, 
multicenter, randomized, double-blind, parallel-
group study (NCT01735201). Eligible patients 
with moderate to severe PFE associated with 
rosacea were randomized to receive topical 
oxymetazoline cream 0.5%, 1.0%, or 1.5% 
or vehicle once or twice daily for 28 days.31

Consistent, predictable pharmacokinetic 
parameters were observed after oxymetazoline 
administration, even at the highest level 
of exposure. Mean maximum plasma 
concentrations were generally comparable 
across all groups. Systemic exposure was low 
overall and increased in an approximately dose-
proportional manner. Additionally, the e� ective 
half-life was 18 to 28 hours across groups, 
demonstrating a long duration of action.31 These 
results suggested that oxymetazoline treatment 
may be compatible with long-term, chronic use.

Clinical data. The e�  cacy and safety of 
oxymetazoline treatment of moderate to 
severe PFE associated with rosacea has been 
evaluated in several trials (Table 1).32–36 The 

aforementioned Phase II study also evaluated 
the e�  cacy and safety of the three doses of 
oxymetazoline hydrochloride cream (0.5%, 
1.0%, and 1.5%; N=356).32 Signi� cantly higher 
proportions of patients who received any 
oxymetazoline dose once daily versus vehicle 
once daily and who received oxymetazoline 
1.5% and 1.0% twice daily versus vehicle twice 
daily demonstrated a response, de� ned as at 
least a two-grade improvement from baseline 
on the Clinician Erythema Assessment (CEA) 
and Subject Self-assessment of Erythema (SSA) 
scales at Day 28.32 At most time points, the 
proportions of responders were comparable in 
the oxymetazoline 1.5% and oxymetazoline 
1.0% treatment groups and were lower in the 
oxymetazoline 0.5% treatment group for both 
once-daily and twice-daily dosing regimens. 
Treatment-related treatment-emergent adverse 
events (TEAEs) were reported by 9.8 percent of 
patients; most were mild or moderate in severity. 
Dermal tolerability ratings were similar between 
the oxymetazoline and vehicle treatment groups 
with once- or twice-daily dosing. 

Based on these e�  cacy, safety, and tolerability 
� ndings, oxymetazoline hydrochloride cream 
1.0% daily was selected for evaluation in Phase 
III studies. Speci� cally, the e�  cacy and safety 
of oxymetazoline were further evaluated in 
the pivotal, identically designed, multicenter, 
double-blind, parallel-group, vehicle-controlled 
Phase III trials REVEAL 1 (NCT02131636; N=440) 
and REVEAL 2 (NCT02132117; N=445).33,34

Eligible patients with moderate to severe PFE 
associated with rosacea were randomized 1:1 
to receive topical oxymetazoline hydrochloride 
cream 1% or vehicle once daily for 29 days and 
were then followed for an additional 28 days. In 
both studies, signi� cantly greater proportions 
of patients treated with oxymetazoline 
versus vehicle achieved at least a two-grade 
improvement in both CEA and SSA scores at 
three, six, nine, and 12 hours postdose and 
overall on Day 29 (all p<0.05).33,34 Pre- and 
posttreatment images of a patient from 
the REVEAL 2 study are shown in Figure 2. 
Treatment-related TEAEs were reported in 6.3 
percent and 8.5 percent of oxymetazoline-
treated patients versus in 0.5 percent and 5.0 
percent of patients receiving the vehicle in 
REVEAL 1 and REVEAL 2, respectively. Increased 
itching was reported by 23.4 percent of 
oxymetazoline-treated versus 15.6 percent of 
vehicle-treated patients in REVEAL 1; incidence 

rates of stinging/burning, dryness, and scaling 
were comparable between treatment groups 
in both studies. Additionally, low proportions 
of patients experienced a rebound e� ect at the 
end of the posttreatment period (REVEAL 1: 
oxymetazoline, 2.2% and vehicle, 1.1%; REVEAL 
2: oxymetazoline, 1.2% and vehicle, 0%), 
which is encouraging, as rebound e� ects have 
been observed after α2-adrenoceptor agonist 
brimonidine 0.33% gel use.37,38 Overall, these 
results con� rmed the safety and e�  cacy of 
oxymetazoline for PFE associated with rosacea 
in adults.

In a post-hoc analysis of the REVEAL studies 
(N=885), the timing of oxymetazoline e� ects 
was assessed.39 Signi� cantly greater proportions 
of patients treated with oxymetazoline versus 
vehicle achieved at least a one-grade composite 
and individual CEA and SSA improvements 
at all time points on Day 1 (p<0.001 for all 
comparisons).39 These results indicated that 
oxymetazoline signi� cantly reduces PFE as soon 
as one hour after application and maintains this 
e� ect for up to 12 hours.

The long-term e� ects of oxymetazoline were 
assessed in the Phase III, open-label REVEAL 
long-term study (NCT02095158).35 Patients 
with moderate to severe PFE in rosacea (N=440) 
applied oxymetazoline hydrochloride cream 
1% topically daily for 52 weeks, followed by a 
two-week posttreatment period in which no 
medication was applied. Treatment-related 
TEAEs were reported by 8.2 percent of patients; 
most were mild or moderate in severity.35 The 
incidence of treatment-related TEAEs was 
highest during the � rst 90 days of treatment 
(5.9%) and progressively decreased over the 
three subsequent 90-day periods (1.5%, 0.7%, 
and 0.3%, respectively). Low proportions 
of patients exhibited at least a one-grade 
worsening in dermal tolerability assessments 
at Week 52 (3.7%–9.3%) and two patients 
each (0.7%) at Weeks 52 and 54 experienced 
posttreatment rebound e� ects. Additionally, 
increasing proportions of patients achieved 
at least a two-grade composite CEA and SSA 
improvement from baseline from Day 1 (six hours 
posttreatment, 17.8%) to Week 52 (six hours 
posttreatment, 43.4%). These results further 
indicated that oxymetazoline was safe and 
maintained e�  cacy for the long-term treatment 
of PFE associated with rosacea. 

In a post-hoc analysis of the REVEAL long-term 
study, increasing proportions of oxymetazoline-
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treated patients had at least a one-grade 
composite CEA and SSA improvement from 
baseline over time (Day 1, 77.5%; Week 52, 
88.5%).40 Among patients who did not respond 
at a given time point, the probability of a 
response at a later time point was approximately 
60 percent. The probability of remaining a 
responder was approximately 90 percent. These 
results further support the sustained e�  cacy of 
oxymetazoline treatment.

Finally, a Phase IV study used the REVEAL 
data to assess whether reference to baseline 
photographs improves PFE evaluation accuracy.41

Based on dermatologist-blinded assessments of 
photographs from baseline and each postdose 
time point, signi� cantly greater proportions 
of patients treated with oxymetazoline versus 
vehicle achieved at least a one-grade CEA 
improvement at each time point. The proportion 
of oxymetazoline-treated patients who achieved 
at least a one-grade CEA improvement by 
photographic evaluation was not signi� cantly 
di� erent from the proportion who achieved at 
least a one-grade CEA improvement as assessed 
via live, static grading during the Phase III trials; 
however, a signi� cantly lower proportion of 
vehicle-treated patients achieved at least a 
one-grade CEA improvement by photographic 
evaluation. These results indicate that reference 
to a baseline photograph may improve PFE 
assessment accuracy. 

Following the REVEAL studies, a Phase IV, 
open-label study evaluated the safety and 
e�  cacy of oxymetazoline as an adjunctive 
treatment with energy-based therapy for 
patients with moderate to severe PFE of 
rosacea (NCT03380390).36 Patients received 
one of four energy-based therapies (potassium 
titanyl phosphate laser, intense pulsed light 
therapy, or pulsed-dye laser [PDL; Vbeam 
Perfecta® from Candela Medical, Wayland, 
Maryland, or PDL Cynergy™ from UPMC, 
Pittsburgh, Pennsylvania]) on Day 1 and Day 29 
and once-daily oxymetazoline hydrochloride 
cream 1% on Days 3 through 27 and Days 31 
through 56 (N=46). All patients demonstrated 
improvements from baseline in CEA, with 90.7 
percent of patients demonstrating improvements 
at six hours posttreatment on Day 56. Treatment-
related TEAEs were reported by 8.7 percent 
of patients; all were mild or moderate in 
severity. No patients experienced severe dermal 
tolerability symptoms. Although this study was 
not designed to evaluate potential synergistic 

e� ects, these results demonstrate that combined 
energy-based and oxymetazoline therapy was 
safe, well-tolerated, and e� ective in reducing 
PFE associated with rosacea.

COMBINATION TREATMENT REGIMENS 
Several studies have evaluated the e�  cacy of 

combination treatments for rosacea that include 
α-adrenoceptor agonists. The additive e� ects of 
oxymetazoline and PDL treatment on cutaneous 
blood � ow were examined in a preclinical mouse 
model.42 Mice treated with oxymetazoline alone 
demonstrated persistent blood � ow and mice 
treated with PDL plus saline demonstrated 
an initial decrease in blood � ow followed by 
reperfusion over the seven-day study period. 
Persistent vascular shutdown was only observed 
in mice treated with oxymetazoline plus PDL, 
indicating an additive vascular e� ect with 
combination treatment. 

The e� ects of PDL and oxymetazoline 
combination treatment on PFE and telangiectasia 
were also investigated in a retrospective analysis 
using pre- and posttreatment images of patients 

who had undergone PDL treatment at least 
once and used oxymetazoline hydrochloride 
cream 1% daily for at least one month.43 Most 
patients experienced improvements from 
baseline in CEA grade and substantial clearance 
of telangiectasias, with greater improvements 
realized in patients with elevated baseline 
disease severity. These results suggest that 
combination therapy can treat multiple rosacea 
symptoms simultaneously; however, lack of a 
control group limits the conclusions that can be 
drawn.

A multicenter, randomized, double-blind 
study evaluated the e�  cacy of combinations 
of ivermectin 1% cream and the α2-
adrenoceptor agonist brimonidine 0.33% gel, 
which have individually shown e�  cacy in 
reducing in� ammatory lesions and reducing 
PFE, respectively.44 Patients with moderate 
to severe PFE and in� ammatory lesions were 
treated with ivermectin and brimonidine for 
12 weeks (IV+BR12); brimonidine vehicle for 
four weeks, then brimonidine for eight weeks 
with ivermectin for 12 weeks (IV12+BR8); or 

FIGURE 1. Mechanism of action of α-adrenoceptor agonists, which act on super� cial peripheral vessels lined with 
smooth muscle and induce vasoconstriction to reduce erythema
Modi� ed with permission from: Del Rosso JQ. Advances in understanding and managing rosacea: part 2: the central 
role, evaluation, and medical management of di� use and persistent facial erythema of rosacea. J Clin Aesthet Dermatol.
2012;5(3):26–36.15
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brimonidine vehicle and ivermectin vehicle 
for 12 weeks (vehicle). A signi� cantly greater 
percentage of IV+BR12 patients achieved 
Investigator’s Global Assessment (IGA) success, 
de� ned as clear/almost clear overall including 
background erythema and in� ammatory lesions 
at three hours postdose at Week 12, relative to 
the vehicle group (61.2% vs. 36.8%; p=0.003). 
The proportion achieving IGA success with 
IV12+BR8 was not statistically greater than 
with vehicle (50% vs. 36.8%; p=0.135) and was 
lower than that with IV+BR12. While this study 
did not evaluate oxymetazoline, it demonstrates 
that combination topical treatment 
incorporating agents that speci� cally target both 
papulopustular lesions (such as ivermectin) and 
PFE (an α-adrenoceptor agonist), can improve 
overall therapeutic results in reducing visible 
manifestations of rosacea that are common to 
most a� ected patients.

CONCLUSION
PFE is the most common visible sign of 

rosacea and also the most di�  cult to treat.5

Oxymetazoline is an α1A-adrenoceptor agonist 
with vasoconstrictive properties approved for 
the topical treatment of PFE associated with 
rosacea in adults.9 Oxymetazoline hydrochloride 
cream 1% is well-tolerated, safe, and e� ective 
for the treatment of PFE of rosacea without a 
signi� cant risk of apparent worsening of facial 
erythema and rebound, or the paradoxical 
erythema sometimes associated with topical 
brimonidine. Combination treatment regimens 
have demonstrated promising e�  cacy in 
simultaneously treating multiple clinical 
manifestations of rosacea. Consequently, 
combination regimens incorporating medical 
therapies and physical devices will likely become 
a recognized standard of rosacea management, 
especially as more data are presented in the 
future.
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